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Abstract

This paper aims at presenting analysis of the thermodynamic of the performance
of an absorption refrigeration system of the single-effect ammonia/sodium
thiocyanate couple. Since the generator is the starting point for the operation
of system, one of the most important point to be addressed in this work is to
determine the generator’s temperatures at which the system can accept the best
quantities and qualities of energy. A mathematical model has been developed
to study the performance of the system. Equations obtained from the thermo-
dynamic properties of the ammonia/sodium thiocyanate couple were imple-
mented in Matlab. The analysis consists of determining the effects of the gene-
rator’s temperature on the energy performance of the system. The compute-
rized performance parameters are the coefficient of performance and the ener-
gy efficiency. Results indicate that the coefficient of performance increases with
the temperature of the generator. Moreover, these remarks are not observed on
the exergetic efficiency, because the latter increases until its maximum value
0.43, in order to decrease until its final value 0.35. In addition, the maximum
value of the coefficient of performance tends towards 0.7 with increasing ge-
nerator temperature. The system admits better operation when the generator
temperatures are between 80°C and 90°C. The determination of this temper-
ature interval by simulation can be use as a variable setting point in control-
ling the real system.
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1. Introduction

As time moves, absorption refrigeration systems are becoming more and more
attractive because of their compliance with environmental standards. In addition,
the waste heat from these systems can be used to provide part of the domestic
hot water needs, to heat buildings and to dry food products [1].

Research on the analysis of single-effect absorption refrigeration systems in-
cludes the work of Sun [2], which has shown that choosing either NH,-LiNO; or
NH,-NaSCN over NH;-H,O improves the COP of a single-effect absorption re-
frigeration system, with a recuperative heat exchanger.

Talbi et al [3] performed an exergy analysis of a single-effect absorption re-
frigeration machine, using the NH,-LiBr torque, to determine the exertion lost
in each component, and thus the overall exertion lost by the system. The results
reveal that the absorber has the highest energy loss of 15.498 kj/kg. This loss is
caused by the temperature difference between the absorber and the environment.
The second component of energy loss is the generator, with a loss of 7.0900 kj/kg.
This loss is due to the temperature difference between the source and the refri-
gerant. The third component is the evaporator; a loss caused by the temperature
difference between the evaporation temperature and the environment tempera-
ture. These three losses can respectively be reduced by increasing the surface area
of the absorber, which is a consequence of the high cost of the absorber, by tak-
ing all measures to eliminate losses between the heat and the fluids involved. On
the other hand, the irreversibilities produced at the level of the evaporator are
those that cannot be demonstrated.

Zhu and Gu [4] conducted a performance analysis of the absorption system us-
ing NH, as refrigerant and NaSCN as absorbent. This study determined the COP
and efficiency in refrigeration mode and then in heating mode. In addition, the
lost exertion in each room and the total lost exertion for each operation (cooling
and heating) were calculated. In the case of the refrigerating machine, the result
is that the refrigeration COP evolves in the generator and in the evaporation and
then decreases in the condenser and the absorber. On the other hand, these re-
marks are not similar to the cooling exergy efficiency.

Ceroso et al. [5] studied the recuperative heat exchanger of a single-effect ab-
sorption machine. This study had shown that the binary pairs NH,-LiNO, and
NH,-NaSCN have the best temperature and viscosity profiles compared to the
NH,-H,O pair.

Acuna et al [6] carried out an energy analysis of a diffusion absorption ma-
chine. The aim of this study was to determine the best COP obtained from three
solvents LiNO,; NaCSN; H,O and using NH, as refrigerant, and H, as inert gas.
This study shows that, the combinations formed from the solvents LiNO; and
NaCSN have a better COP.

In 2014, Sunyoung and Boulama [7] developed a simulation platform, based on
advanced exergy analysis, for a single-effect absorption system. The results ob-
tained confirm that the generator and the absorber have more energy loss com-
pared to the evaporator and the condenser.
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In 2016, Xu et al [8] showed the influence of temperature on COP and mass
flow rate in single-effect absorption refrigeration cycles.

An interesting experimental analysis to determine the COP of a single-effect
absorption machine was performed by Cai et al [9]. They concluded that, as the
temperature of the generator increases with time, the pressure in the evaporator

increases as time progresses.

2. Methodology and Data

In this part, we will write the equations for the operation of the system and then
develop a simulation model, which will enable us to obtain the results from the
described input data. In this view, we will start by describing the functioning of

our system.

2.1. System Description

Figure 1 shows the various components of the system under study. The high pres-
sure liquid refrigerant (2) coming from the condenser passes into the evaporator
at low pressure, after undergoing a pressure drop, through the refrigerant expan-
sion valve. The liquid ammonia evaporates, absorbing heat from the medium to be
refrigerated. This ammonia vapour (4) passes into the absorber, where it is absorbed
by the lean solution (10) from the generator through a heat exchanger and then
forms a rich solution in the absorber. The rich solution is pumped through the
heat exchanger and enters the generator to be heated, undergoing desorption. The
lean solution obtained by desorption at high pressure (8) returns to the absorber
at low pressure through the solution expansion valve. The ammonia vapour ob-
tained by desorption (1), goes into the condenser, liquefying and the cycle starts

again.

*Qc *Qg

Condenser - NH,+NaSCN
Générateur

2 8 { ' 7
Y Exchapger
E(: Expansion valve

A
9 _v 4
Expansion valve
3
1 6
0 A
4 5
Evaporator > Absorber ——>( )W
* * Pump
Figure 1. Single-effect absorption scheme (1).
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2.2. Configuration Modelling

Modelling is the mathematical representation of a part of the truth of a system.
In this part, we will apply, the laws of thermodynamics, for the analysis of the sys-

tem. The main equations are the following:

2.2.1. Conservation of Chemical Mass and Species

2.m, =2 m, ey
> m X, =Y mX, (2)

2.2.2. Energy Conservation
Zmehe_zmshs+2(qe_Qs)+W:O (3)

2.2.3. Fluid Properties

Refrigerant NH,

The relationship between pressure and temperature of ammonia in the two phases
is [10]:

P(T)=10°Y° a (T —273.15) (4)

The relationship between the enthalpy and temperature of the ammonia-saturated

liquid is:
h(T)=10°Y" b, (T -273.15) (5)

The relationship between the enthalpy and temperature of ammonia-saturated

steam is:
h,(T)=10°Y" b (T -273.15) (6)
The coefficients a, b and care shown in Table 1 below.

Table 1. Polynomial coefficients of Equations (4)-(6).

i a, Equation (4) b, Equation (5) ¢; Equation (6)

0 4.2871e™ 1.9879¢? 1.4633¢°

1 1.6001e2 4.4644¢° 1.2839¢°

2 2.3652¢™* 6.2790e-3 -1.1501e2

3 1.6132¢7° 1.4591e™* -2.1523¢™

4 2.4303¢™° -1.5262¢° 1.9055¢™°

5 -1.2494e™ -1.8069¢® 2.5608¢e78

6 1.2741e7" -1.9054¢1° —2.5964¢710

Standard Error 1.6e7? 8.5626€° 1.059¢'
Average deviation 1.252¢™2 5.566e7 3.679¢
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The solution of NH,-N,SCN
The relationship between saturation pressure and temperature of the NH;-NaSCN

solution is given by formula [10]:

B
InP=A+= 7

T )

A =15.7266 - 0.298628 X ®)

B = —2548.6 - 2621.92(1- X )’ 9)

The relationship between enthalpy, temperature, and mass concentration is given
by [10].

H = A+B(T -273.15)+C(T -273.15)" + D(T - 273.15)° (10)
A=79.72-1072X +1287.9X 2 -35137X° (11)
B =2.4081-2.2814X +7.9291X * -3.5137X? (12)
C=10"(1.255X —3X* +3.06X°) (13)
D =10°(-3.33X +10X* -3.33X°) (14)

The density is given by the relation
p=A+B(T -273.15)+C(T -273.15)’ (15)
A=1707.519 - 2400.4248X +2256.5083X > —930.063X* (16)
B =3.6341X +5.4552X* ~3.164X* (17)
C=10°(5.1X -3.6X* +5.4X°) (18)

The analysis of the performances by the first law is characterized by, the coef-

ficient of performance:

cop=_ 2

Qs +W o

The performance, using the second law is characterized by, the exergy effi-

ciency:

E

: T,
1--% |+W
@ [ Ts J
2.2.4. Hypotheses

The analysis is based on the following assumptions:

(20)

¢ Heat losses of the system components are negligible.

e The solutions leaving the absorber and the generator are assumed to be satu-
rated under the respective conditions of temperature and concentration.

e The refrigerant in the condenser and evaporator is saturated.

¢ Ammonia vapour from the generator is assumed to be superheated.
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3. Results and Discussion

A program has been developed using the Matlab software to solve the equations
of this single-effect system, in order to analyse its performance. The thermody-
namic properties of the NH,/NaSCN torque were also calculated from their po-

lynomial equations.

3.1. Variation of Specific Enthalpy

Figure 2 below, shows the evolution of the specific enthalpy. It can be seen that
the specific enthalpy increases with the generator temperature. This is a partial

result of the global model to be validated.

3.2. Validation of the Model

The results obtained with numerical simulation under matlab, were compared
with those already obtained by Sun [2].

These results are validated by making a comparison in Table 2 below.

A graphic comparison is made from the code, representing the COP of the

current model, with reference COP (Figure 3).

120 T T T T

110 .
100 a
90 a
80| h
70 a
60 .

enthalpy j/kg

50 .
40t .
30f .
20t .
10 .

1 1 1 1
60 70 80 90 100 110
temperature

Figure 2. Specific enthalpy according to TG.

Table 2. Validation of numerical results.

Thermal powers Simulation results  Simulation results according to Sun  Error
generator 29.0302 kW 29.0292 kW 0.003
Condenser 18.4048 kW 18.4611 kW 0.305
Evaporator 18.5408 kW 18.5974 kW 0.304
Absorber 29.1661 kW 29.2425 kW 0.260
Pump 0.0769 kW 0.0770 kW 0.129
Heat exchanger 11.2093 kW 11.2151 kW 0.052
(6]0) 0.6370 0.6390 0.313
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Figure 3. Validation of the COP according to TG.

3.3. Validation of the Model of the Single-Effect System

Given that the model is valid, input data are used to analyze the performance
system.

TG = 110°C, generator’s temperature;

TC =30°C, condenser’s temperature;

TA = 25°C, absorber’s temperature;

TE = -7°C, condenser’s temperature;

eff =0.8, heat exchanger’s efficiency;

m7 = 4.8 kg/s, mass flow rate at point 7.

3.4. System’s Coefficient of Performance

We can notice that the COP initially increases with increase in generator’s tem-
perature, and tends to stabilize rather than continue to increase; and with a further
increase in generator’s temperature, it reaches a final value of 0.7 (Figure 4). This
increase in the generator’s temperature causes an increase in the temperature of
the refrigerant fluid, as well as that of the solution, leaving the generator to the ab-
sorber. Thus there is an increase in the average temperature of the condenser and
the absorber, which explains the irreversible increase in these components. This
justifies the positive effect of the increase in COP due to the increase in genera-
tor temperature is compensated by the degradation of the COP due to the increase
in condenser and absorber temperatures. As a result, the heat level of the generator
stops and the COP curve becomes almost constant, showing a marginal decrease
in the COP.

3.5. Single-Effect System Circulation Ratio

As indicated in Figure 5, the circulation factor is also a vital element in the study

of the performance of a system. An increase in generator’s temperature leads to a
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decrease in the circulation rate. Thus for a constant cooling load, the reduction
in the heat rate of the generator leads to an initial increase in the COP. At higher
generator temperatures, the reduction rate of the solution circulation rate de-
creases, but the temperature difference between the generator and the solution

increases, resulting in a decrease in the irreversibility of the generator.

3.6. Energy Efficiency of the Single-Effect System

Figure 6 shows that, as the generator temperature rises, the energy efficiency of
the system first increases considerably to its maximum value 0.43 corresponding
to the temperature of 79°C, and then decreases continuously in order to reach its
limit value 0.35, as the generator’s temperature rises afin d’atteindre sa valeur
limite 0.35. Such a behaviour can justify the variations in the COP’s curve, as dis-
cussed previously, since the positive effect of the ECOP is compensated by the
degradation of the ECOP, due to the increased temperatures of the condenser

and the absorber.

3.7. Coefficient of Performance and Energy Efficiency

As indicated in Figure 7, for generator temperatures between 78°C and 90°C,
the coefficient of performance and energy efficiency have the best values for suita-
ble functioning of the system. Above temperatures beyong 105°C, the coefficient
of performance increases towards its final value, while the energy efficiency con-
tinues to decrease. This results in the system having more energy losses for tem-
peratures above 90°C. Such losses are caused by the temperature difference be-
tween the absorber and the environment, the temperature difference between the
source and the refrigerant, and the temperature difference between the evapora-
tion temperature and the environment. So, we can choose generator temperatures

in the range of 79°C and 90°C, to maintain a more acceptable operation.

COP

1

1 1
70 80 90 100 110 120

1 1

Temperature of Generator (°C)

Figure 4. Variation of the COP according to TG.

DOI: 10.4236/0jee.2020.91004

60 Open Journal of Energy Efficiency


https://doi.org/10.4236/ojee.2020.91004

R. G. Ngock et al.

100 T T T

90 - b

70 b

60 - B

50 b

40 .

circulation ratio

20 b

0 1 1 1 1
70 80 90 100 110 120

Temperature of Generator (°C)

Figure 5. Variation of circulation factor with generator’s temperature.
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Figure 6. Variation of the energy efficiency according to the generator’s temperature.
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Figure 7. Simultaneous variation of the ECOP COP aiming at finding the optimal gene-
rator’s temperature.
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4. Conclusion

A computer program has been developed to predict the performance of a sin-
gle-effect absorption refrigeration system. Obtained results show the influence of
the generator’s temperature on the system performance. It is obvious that the ge-
nerator’s temperature is not the only parameter influencing the coefficient of per-
formance and the efficiency of the system. In fact, there are other parameters that
can strongly influence the performance of the machine, such as the temperature
of the evaporator, the condenser and the absorber. This work, was limited to the
effect of the generator’s temperature because we have assumed that this is the

starting point for system operation.
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Names

Symbols:

Latin letters:

Mass flow rate, kg/s

Concentration NH, liquid, kg NH,/kg solution
Transferred power, kw

Specific enthalpy, kj/kg

Mechanical power, W

Absolute pressure, kPa

’—]"Us:f'oN

Temperature, K
CoP Coefficient of performance
ECOP  Exercise efficiency

eff Heat exchanger efficiency
Greek letters:

p Density, kg/m™
Hints/Exhibitors:

e Entrant

s Outgoing

1 Liquid

v Steam

i Exhibitor

E Evaporator

G Generator

A Absorber

C Condenser

0 Absolute
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